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DETAILED ACTION 

Claim Rejections - 35 USC §112 

1. The following is a quotation of the first paragraph of 35 U.S. C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

2. Claims 1,13-42 rejected under 35 U.S.C. 112, first paragraph, as failing to 
comply with the enablement requirement. The claim(s) contains subject matter which 
was not described in the specification in such a way as to enable one skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and/or use the 
invention. Morphology is not prose. Please provide detailed formulas implementing 
morphological operations in all claims, including shift/translation invariant operators, 
erosion, dilation, opening, closing, shrinking, thinning, thickening, skeletonization, 
pruning, subtraction. Spec contains no formulas. 

Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

4. Claim 1,27,33; 16,24,29,37; 17,30,38; 18,31,39; 19,26,32,40; 20,41; 21,42; 
22,23 rejected under 35 U.S.C. 102(a) as being anticipated by GONGYUAN Qu "Wafer 
Defect Detection Using Directional Morphological Gradient Techniques". 
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() Regarding Claims 1,27,33: 

(Qu: SEM=P687 coll. shift-invariant=[0025] Morphology... shift invariant 
morphological operation=P688 "directional morphological gradient (DMG)" 
idealized image= Fig 8 b,f,d,h. Fig15 c.f.i.l. Fig14 DMG7 

detect a defect= P698, "gradient method has been presented and applied to the 
automatic detection and isolation of particle, spot, and scratch defects") 

1 . (Currently Amended) A method, comprising applying a morphological operation to an 
SEM image to obtain a idealized image, the morphological operation being an image processing 
operation using shift-invariant operators and the idealized image having fewer details than the 
SEM image; and (Fig8 b,f,d,h. Fig15 c,f,i,l. Fig14 DMG7, fewer details due to smoothing 
and morphology.) 

using the idealized image to detect a defect in a subject of the SEM image. (Title. P698, 
"DMG to have a stronger response to the defect", "gradient method has been presented 
and applied to the automatic detection and isolation of particle, spot, and scratch 
defects") 

() Regarding Claims 16,24,29,37: 

16. (New) The method of claim 1, wherein the morphological operation comprises at 
least one of: erosion, dilation, opening, closing, shrinking, thinning, thickening, skeletonization, 
and pruning. (P688, formula 7. erosion.) 

() Regarding Claims 17,30,38: 

17. (New) The method of claim 1, wherein the morphological operation comprises a 
sequence of morphological operations. (P688, formula 7. dilation then erosion) 
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() Regarding Claims 18,31,39: 

18. (New) The method of claim 1, wherein the morphological operation makes use-of 
structuring elements that match one or more morphological properties of a pattern present in the 
SEM image. (P689 "These two edge models are applicable to defect detection because 
the design pattern will consist primarily of sharp well-defined edges.") 

() Regarding Claims 19,26,32,40: 

19. (New) The method of claim 1 8, wherein at least one structuring element is smaller or 
equal to a minimum distance between objects in the SEM image. (P688 coll two smaller 
structuring elements B1 and B2.) 

() Regarding Claims 20,41: 

20. (New) The method of claim 1, wherein the morphological operation makes use of 
structuring elements that do not match one or more morphological properties of a pattern present 
in the SEM image. (P687, "irregular defect edges". P698 "very small defect against a high 
contrast pattern structure.") 

() Regarding Claims 21,42: 

21. (New) The method of claim 1, wherein at least some patterns present in the SEM 
image are modified by the morphological operation while other patterns present in the SEM 
image are not modified by the morphological operation, (fig 9. P695 coll "some loss of the 
defect definition while parts of the design pattern remain.") 
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() Regarding Claim 22: 

(Qu: SEM=P687 coll. shift-invariant=[0025] Morphology... shift invariant 
morphological operation=P688 "directional morphological gradient (DMG)" 
idealized image= Fig 8 b,f,d,h. Fig15 c.f.i.l. Fig14 DMG7 

detect a defect= P698, "gradient method has been presented and applied to the 
automatic detection and isolation of particle, spot, and scratch defects" 
All limitations of Claim 21 disclosed in claim 22.) 

22. (New) A method, comprising applying a sequence of morphological operations to an 
image, the morphological operations making use of structuring elements that match or do not 
match some morphological properties of a pattern present in the image, and (Section 3.1 DMG. 
P692 "pattern structures") 

detecting defects in a subject of the image as a consequence of some of said patterns 
being modified by the morphological operations while others are not. (fig 9. P695 coll "some 
loss of the defect definition while parts of the design pattern remain.") 

() Regarding Claim 23: 

23. (New) The method of claim 22, wherein the morphological operations use translation 
invariant operators. [Applicant defines morphology as translation invariant. [0025] 
Morphological image processing may be regarded generally, as binary or other (e.g., 
grayscale) image processing using shift-invariant (translation invariant) operators. Qu is 
using morphology also.] 
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Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 13, 34; 14,25,28,35; 15,36; rejected under 35 U.S.C. 103(a) as being 
unpatentable over 

GONGYUAN Qu "Wafer Defect Detection Using Directional Morphological 
Gradient Techniques" in view of 

Chetverikov "Finding defects in texture using regularity and local orientation" 
() Regarding Claim 13: 

(Qu: SEM=P687 coll. shift-invariant=[0025] Morphology... shift invariant 
morphological operation=P688 "directional morphological gradient (DMG)" 
idealized image= Fig 8 b,f,d,h. Fig15 c,f,i,l. Fig14 DMG7) 

Qu discloses everything as described above except image comparison. 
Chetverikov discloses, 

defect is detected (P2170 col , "top-hat image can then be thresholded to locate 
the position of the defect.") by image comparison (P21 69 formula 3, "top hat", "difference 
between I and its opening") between the. .. image (formula3: I) and the idealized image. 
(formula3: y B I) 

As Chetverikov discloses, it is desirable to compare images using morphological 
top hat for defect detection. Therefore, it would have been obvious to one of ordinary 
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skill in the art at the time of the invention, to use Chetverikov top hat thresholding in 
Qu's SEM defect detection; this enhances Qu's method. 
() Regarding Claim 14,25,28,35: 

14. (New) The method of claim 13, wherein the image comparison comprises subtraction 
such that an image obtained after the morphological operation reveals only details that have been 
removed by the morphological operation. 

(All limitations of claim 14 disclosed in claim 13. Subtraction is formula 3.) 

() Regarding Claim 15,36: 
15. (New) The method of claim 13, wherein the comparison comprises a thresholding operation. 
(All limitations of claim 14 disclosed in claim 13. P2170 col, "top-hat image can then be 
thresholded to locate the position of the defect.") 

() Regarding Claim 34: 

All limitations of Claim 34 disclosed in claim 13. 

Conclusion 

7. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to MAX SHIKHMAN whose telephone number is (571)270- 
1669. The examiner can normally be reached on Monday-Friday 8:30AM-6:00PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, JINGGE WU can be reached on (571 ) 272-7429. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Jingge Wu/ /Max Shikhman/ 

Supervisory Patent Examiner, Art Unit 2624 Examiner, Art Unit 2624 
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